Strained-Olefin Cartalysts Open
The New Horizon of Chemistry

Lb 2018.10.27
Haruka Fujino




Contents

1. Introduction

2. Norbornene-Derived Catalysts;
Improvement of Catellani Reaction (Guanbin Dong, 2018)

[Pd] Nu
E
N
Ab (cat)
\@/ /
deswed overreaction

3. Trans-Olefin catalysts
Trans-Cyclooctenes as Halolactonization Catalyst (Matsubara, 2018)

0 Ph 0
HO 0 ‘ (o)
A + )LN,Br (cat) "
R H —_—— R®
Br



Examples of Strained Olefins?)

normal olefin

120 g
1) bond angles = 120 ° 4\ ‘,‘ é‘
120 ° J = ‘5_5‘ 2) 6 atoms on the same & plane
120 °

1) bond angles = 120 ° 2) 6 atoms NOT on the same = plane

small ring brigded cyclic tortionally distorted

=

trans-olefin

S=cP

1) For a review, see; Liebman, J. F.; Greenberg, A. Chem. Rev. 1976, 76, 311.



High Reactivity of Strained Olefins

initial discovery"

PhN, N\\ PhN3 N\\
— N
” N/ << N\§N
\ 100 times faster Ph
Ph

distortion-interaction model?

e A

A AE;n¢.7s (TS interaction energy)

AE, (activation energy)

SM: startig material \
TS: transition state ™ Ph
T™: t t material . . .
arget materia The higher AE 4is¢.¢ iS, the lower AE, is.

1) Alder, K.; Stein, G. Liebigs Ann. Chem. 1931, 485, 211.
2) Schoenebeck, F.; Ess, D. H.; Jones, D. O.; Houk, K. N. J. Am. Chem. Soc. 2009, 131, 8121.



Control of Equilibrium; Transfer Hydroformylation?)

working hypothesis & proof of concept
[Rh(cod)OMe], (0.5 mol%)

H o) Xantphos (1 mol%) H
)\/u\ 3-OMe-BzOH (1 mol%) o
° /
Bn oo+ / THF, 60 °C _ Bn/\ +
(1.0 iv.) bd (1.2 iv.) 90% H
.0 equiv. n .2 equiv. . )
strain release NOT strained

[highly strained]

(without 3-OMeBzOH, no reaction)

reaction mechanism
C 0O
I
H O H CI:
Pu,,
"R

O H

0 H r,,_l“\l — 1, ‘.I =“ P’n,
AT G = Q' = O T 0
" 2w O)\R 8¢ 8d " ge
1K5a, nbd

P’f‘ W O
(P,Rh\\o\>—R RCO,H
8a
0
1

\ H |o H (lj . L
0o H Pu, | K P, W P, .\C2 Pu,. |
‘Rh — ‘Rh -— Rh! <«— | "Rh—
H
H 8f

6a
8i O© R 8h 8¢
driving force: strain release of 8f -> 6a

=0 -
WCFT =

=y

2,=

1) Murphy, S. K.; Park, J.-W.; Cruz, F. A.; Dong, V. M. Science 2015, 347, 56.



Prediction of Formyl Acceptors by DFT Calculation?)

straineq formyl transfer XX%
olefins H
AGy .
R ~ R

strained hydrogenation
olefins (~ strain energy)

o)
)\/\)<H/U\H RS f(i) M + L/x)l\H
R R

strained AGcho? AG4?  experimental
olefins (kcal/mol) (kcal/mol) yields (XX%)
nbe
ooe -2.9 -18.6 7%
' | (at 40 °C)
(bnbd)
99%
(n=1) -28.1 -40.5 no data
n(<)( (n=2) 4.2 17.9 no data
(n=4) 1.1 -15.6 no data
R—— (R=H) -22.7 -34.1 no data
(R=Ph) -21.1 -31.3 no data

1) Chen, C. and Lan, Y. J. Org. Chem. 2016, 81, 2320.
2) Murphy, S. K.; Park, J.-W.; Cruz, F. A.; Dong, V. M. Science 2015, 347, 56.

2 (Gaussian 09/M11-L/6-31G(d))
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Catellani Reaction?)

Pd?] (5 mol%
(nbe) two olefins [nbe](f) 45 e o)) CO,;Me
- ~a 49 €q-
: ZNco,Me (1.5 eq.) ~
n-Bul (4.0 eq.)
H H / 20 °C n-Bu D n-Bu
7 o |
two iodides 93% S
CO,Me
H N
Pd''X Pd" (nbe) e
R n-Bu H H . .
H X Phi strained olefin
Zco,Me — Pd" 3 P’ ] N
_r B-hydride reductive  oxidative e X
| Heck elimination elimination addition migratory I|Ddll
Pd"  reaction insertion
n-Bu n-Bu H H

I N
b/
- nbe Pd" C—H
activation
steric repuls:on \ d Pl
release
reductlve ox:da tive _ more
R n- Bu elimination addition Lewis acidic

1) Catellani, M.; Frignani, F.; Rangoni, A. Angew. Chem. Int. Ed. 1997, 36, 119.
2) For a related LS on Catellani reaction, see; 121112_LS_Shunichiroh_Katoh. 7




Recent Advances (1): Electrophiles Expansion

Pd' Pd'
Ikyl
Xy Br AN
| _-alkyl |
R Ikylati lati R
Catellani (1997)" @/fyiation arylation Catellani (2004)*
Pd" R1 R1 (@] Pdll/o R
| | <k
XV Rz Bzo” NR? Pd" S
I N R I
B S—— —_—
S — | — S
R 2 amination /- ~ epoxidation R 5)
Dong (2013 R Dong (2018
9 ) strained ANE 9 )
(aryl-NBE paradacycle) pd" O

Pd' o
acylation E=X alkoxycarbonylation

+ .
N R electrophiles
I /O (o) Me O O\L
// PPN N
R
Dong (2015) & R 0 R 0” 'OR
Gu (2015)

OR

e

/. =
R 6)
Dong (2018)

Me

1) Catellani, M. et al. Angew. Chem. Int. Ed. 1997, 36, 119. 2) Dong, G. et al. J. Am. Chem. Soc. 2013, 135,
18350. 3) (a) Dong, G. et al. Angew. Chem. Int. Ed. 2015, 54, 12664. (b) Gu, Z. H. et al. Angew. Chem. Int. Ed.
2015, 54, 12669. 4) Catellani, M. et al. J. Am. Chem. Soc. 2004, 126, 78. 5) Dong, G. et al. Org. Chem. Front.
2018, doi: 10.1039/C8QO00808F. 6) Dong, G. et al. Chem 2018, 1, 581. 8




Recent Advances (2): Nucleophiles Expansion?)

Ph Ph
| |Ia1
H N
I AN BZO/ \RZ || || $1
EWG o /kMe NS,
0 HO N R
% R *[Pd] Me |
nbe /s
Zhen (2014) T — R/ Gu (2015) &
Pdu/X R? Me Chen (2015)
EDG_ .~ I )\ Me
N~ N o) Me

AN “R2
e SE— I —_— (o) R1
|
R/ Z N{
| D
Ar/Me
| [
i R Kwong (2017)
N

R Gu (2016) )By | \
e H M(CN),

BPi JU
AriMe  R! " Ho/k Me C R
Me r!l
| Bpin R1 R‘I j X “R?
= =
R/ Chen (2014) | | N R/ Brindaban (2016)
y _— & Lautans (2016)

R thter (2015) R Dong (2013)

1) Dong, G. et al. J. Am. Chem. Soc. 2018, 140, 8551. and references herein. 9



Recent Advances (3): Starting Material Expansion-1

X [Pd°], nbe H
R H E-Y (Y = halogen etc.), [H] R E
N -
| H
=
_ _ [H] = HO Me
SM: starting material Me efc.
previous study (X =1) new type reactions (X = Br, H)
v abundant examples v stable and cheap SM
x less stable SM substrate scope 4 "meta-selective"_C—H activation (X = H)
expansion x no examples until recently
required selectivity (X =1, Br)
(undesired) with E-Y with E-Y (undesired)
" " with Ar-Br (SM)  (desired)
(desired) with Ar—I (SM) "

10



Recent Advances (3): Start Materials Expansion-2

ortho amination of bromo arene"V

Br Pd(OAc),, dCypb H (\ o

MeO H (\o nbe , [H] MeO N\/l
+ N\/I

BzO”~ Me Me

88%
[H] = H Cy,P PCy,
\H:
Me  oH dCypb
meta C-H amination?®
"meta C-H
Me N H _ ivation” Pd(OAc),, AsPhs, nbe, AgOAc NMe, H
H CsOAc, LiOAc, Cu(OAc),, HOAc

j X . > O
= CO,Me COMe

Me Me,N- - - -Pd' Me 73%
| b
Ar
directing effect , 17
y !
Me

1) Dong, Z.; Lu, G.; Wang, J.; Liu, P.; Dong, G. J. Am. Chem. Soc. 2018, 140, 8551.
2) Dong, Z.; Wang, J.; Dong, G. J. Am. Chem. Soc. 2015, 137, 5887.



Advantageous Points of Catellani Reaction

—3 : conventional strategy
—3» : Catellani reaction
\4

X FG
: New Catellani reaction . .
EDG X H step 2 EDG D H
— | P - S | P
/- Ho . R H
H H
EDG W X ‘\\ EDG A FG
R €8 = I I
/G /G
R H A4 R H
.’ complementary
o site-selectivity
H t H
EDG\@H 'l’ EDG \ H
S I - I y/
R/ /p X R/ P "FG

In case of EWG, not EDG, the similar "complementary site-selectivity” can be observed.

12a



Advantageous Points of Catellani Reaction

—3 : conventional strategy
—3 : Catellani reaction
\4

. . X FG
: New Catellani reaction . .
EDG X H step 2 EDG X H
—> " > |
/- H R H
H H
EDG W X EDG X FG
R €8 = I I
b/ ~
R/ H R/ H
complementary
site-selectivity
H H
EDG\ﬁj[H EDG X H
> —_—
R/ /p X R/ P "FG

In case of EWG, not EDG, the similar "complementary site-selectivity” can be observed.

12b



Advantageous Points of Catellani Reaction

—3 : conventional strategy
—3 : Catellani reaction
\4

. . X FG
: New Catellani reaction . .
EDG X H step 2 EDG X H
—> I > |
/G Z
H H
H H
| A X EDG I X FG
[ F S
R H R H
\ only 1 step complementary
—~— (EDG = NMe,) site-selectivity
H H
EDG H EDG H
\fj[ \(j[
— I _
R/ 2 x R/ P FG

In case of EWG, not EDG, the similar "complementary site-selectivity” can be observed.

12c



Remaing Problems: Ortho-Constraint?)

COzt-Bu
| Z (\o
Pd(OAc),, (4-MeOC¢gH,)3P N\)
R (\0 nbe, Cs,CO; N
| + + CO,t-Bu CHCN, 100 °C | + byproducts
IZ BzO/N / - S
R sm R desired
(1.0 eq.) (1.5 eq.) (1.2 eq.)
v ortho-SM COzt-Bu * para-SM CO,t-Bu CO,t-Bu
| 0/\ 4 (\0 S (\0
o byproduct desired
desired (83%) SM Me (78%) Me (n/d%)
* meta-SM C02t-Bu
¢ (e
J@ -
mroduct (12%) We desired (n/d%)

1) (a) Chen, Z.-Y.; Ye, C.-Q.; Zhu, H.; Zeng, X.-P.; Yuan, J.-J. Chem. Eur. J. 2014, 20, 4237.
(b) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866.



Working Hypothesis?)

Disfavoured

H 0
[Pd ], nbe
d ~ R _
0=
i
Pd
Side
products
C-H Close
metalation |_ Favoured -
b
Side
products
C-H
metalation

‘_/4Far

Desired
product

B-carbon

Disfavoured -

elimination

Desired

product

B-carbon
elimination

Favoured _

Pd!
side
product
s

desierd product

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866.
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Optimization of Norbornene (NBE) Derivatives’)

CO,t-Bu CO,t-Bu
CO,t-Bu [Pd(allyIC1)], (5 mol%) — —
l RuPhos (10 mol%) (\ (o
H H = (1.0 eq.) NBEs (1.0 eq.), Cs;CO; (4.0 eq.) H N\) H H
1,4-dioxane/toluene = 1/1
+ + (\0 100 °C +
Me” ™ ,N\) > Me Me
(1.8 eq.) BzO A (desired) B (undesired)
(1.8 eq.)
R i-Pr
60
(N8) 0 mA B
Me A:56%, B: 46%
R = H (N1); A: <5%, B: 19%
R = Me (N2); A: 54%, B: 25% Br 20
R = n-C;H,5 (N3); A: 67%, B: 24%
R = Cy (N4); A: 54%, B: 38% 0 == |
R = On-C4H; (N5); A: 58%, B: 24% N8 N10
R = CO,Me (N6); A: <5%, B: 7% ~/ (N10) 20 N \o |3
R =Ph (N7); A: 6%, B: 38% major byproduct: C N4
Me 40
Z I Br N5 N7
D

C

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866. 15



Substituents Effect on NBEs1)

COzt-Bu COzt-BL

| CO,t-Bu Z (\0 Z
/ [Pd], RuPhos \)
H H : H N H H
NBES, C32C03
+ + (\O - +
e” M \/l

N Me . Me
BzO” A (desired, B (undesired)
mono-product)
R R
Pd°
Pd" Pd" Pd" Pd"
Hy H H H NR'R? NR'R?
—> —> —>
—>
Me Me
1 k1 VS. k1 ¢ k2 k2 VS. kz'
When R is too large (R = Cy);
B (undeswed) ky << ky'
R When R is too small (R = H, Me);
NBEs k2 << k2'
i.e. Moderate bulkiness is important.
R = Me (N2); A: 54%, B: 25% Pd! NR'R2
R = n-C;H45 (N3); A: 67%, B: 24% —
R = Cy (N4); A: 54%, B: 38% —3» byproducts

Me

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866. 16



Substrate Scope (1)1

c02t-BU

CO,t-Bu [Pd(allylCl)], (5 mol%) Z
RuPhos (10 mol%)

I
/ NBE (N3) (1.0 eq.), Cs,CO; (4.0 eq.) E
. (1.0 eq.) 1,4-dioxane/toluene = 1/1
+ 100 °C
NG X,E :

(1.8 eq.) (1.8 eq.)

CO,t-Bu CO,t-Bu

&0 E

R = Me: 66% ¢ 0/>

R =i-Pr: 74% E E

R = t-Bu: 78% X~ = N o X~ =

R = 0i-Pr: 60% BzO” : 64% Br 60%
R = NMe,: 70% 0

R = CO,Me: 74% CO,Me

O O
R = CF3: 65%
R = NO,: 60% s 0 | A
A 162%

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866.

17



Substrate Scope (2) and Practical Application?)

[Pd(allylCl)], (5 mol%)
| dppe (10 mol%) Nu (\o
AN NBE (N3) (1.0 eq.), Cs,CO; (4.0 eq.) N )
. (1.0 eq.) I/\o 1,4-dioxane/toluene = 1/1 N
* \ ) 100 °C
t-Bu” " BzO” > t-Bu
(1.8 eq.) (1.8 eq.)
OH (o) HO
/Nu _ \ —
L = /B—Ph ——Ph
H 60%, (o) 54%, 52%
previous time 51% over 2 steps 35% over 5 steps
(X =NH,) (R is displaced with NH,)

H
| o
(o) o) I_I
| H strychnine =R
1. C-H iodidation (X = 1) 2. ortho-amination
this time 88% 56%

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866.



Limitation?)

CO,t-Bu
CO,t-Bu o
l ) 2 Pd(OAc), (\ o
NBEs, C52C03
+ + (\0 -
N
BzO”~
NBEs
n-C7H15 i-Pr
Me
norbornene N3 N8
83% 22% 0%

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866.

19



Mechanical Study (1): Selectivity in NBE Insertion?)

experimental results R
H
Pd(OAc), (10 mol%) CO,Me 6.7
CoH dppe (10 mol%) .
n-%7H1s Et;SiH (1.0 eq.)
C82C03 (20 eq)
CO,Me - 1
(1.0 eq.) (1.0 eq.)
calculation results s
o A Cy
Y“"-P‘ r Cy-..ig—Al'
C Cy I—Pld----;@ I—Ph----ﬁ
Y\.P L J
~Pd—I e
MeO R R
Q2
MeO 19.9 kcal/mol 22.9 kcal/mol
TS1i“5 TS2ins ¥
+ Pt}l—l
cy | cy | R L
1 I s |
Lb CY",-P-_Pld'":Q C}&’,P'_Pld'"jﬁ favored product
pr— r et
T ArR - AAGY L1 =2.7 keal/mol
_ 22.6 kcal/mol
R=C3Hy e TS4 (M06/SDD-6-311+G(d,p)/SMD)

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866.

20



Mechanistic Study (2): Norbornene?)

COZMG
Pd; Pd" CO,Me 7
Pd" H . H H
di- 5 N N &
product I ~ “--- I _ EEES o8
INT2 INT1 INT3 10a
T v 85
kcal/mol % 0" L
@
| 3 (M06/SDD-6-311+G(d,p)/SMD)

di-product mono=product

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866. 21



Mechanistic Study (2): Mono-Substituted Norbornene?)

n-Pr
COZMG
Pd Pd' CO,Me 7
di e S H Z H
product‘nn ---- —_— —
Me Me
INT2 INT3 4a
Me O : Me
e T
kcal/mol X R d"‘:"/ E Ié:= ié%hol\je
L / =CHZZCHZCH3
o > (M06/SDD-6-311+G(d,p)/SMD)

di=product mono=product

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866. 22



Starting Materials Without Meta-Substituents’)

CO,t-Bu
[Pd(allyICI)], (5 mol%)
: CO,t-Bu SPhos (10 mol%) ~ (\
NBEs (1.0 eq.)

/
(1.0 eq.) o  Cs2C0;(4.0eq.)
+ + 1,4-dioxane, 100 °C

N
m m BZO/ -

N\)O O"

+

CO,t-Bu

(1.8 eq.) (1.8 eq.) A (desired) B (undesired)
"mono-product” "di-product”
NBEs yields (%)
| R i-Pr 60
& 40
R = H (N1); A: 0%, B: 29% (N8) A
R = n-C;H,5 (N3); A: 2%, B: 12% A: 55%, B: 2%
R = Cy (N4); A: 36%, B: 6% B
Br 20
Lb/COZMe %
(N9) (N10) 0 NS
A: 0%, B: 30% A: 0%, B: 13% N1 N3 N4 [N8| N9 N10

NBEs

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866.
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Mechanistic Study (3): Di-Substituted Norbornene?)

i-Pr

o COZMG
Me
Pd\'l~ Me Pd! COMo Z
3 H\ - /l H
di- N _
product‘"" I _ -€---- :
INT2 ; INT1 INT3 4a
& k
BzO TS3 L = SPhos
/ E E = CO,Me
%\ . (5? g)
/ (19.6) \ i / \
| "\\ ¥
BzOH J"' ‘II"'.‘II I\I‘ f}f
(g g (105,921 )0 L
E
T 4 Ph._0. _/
N l'--\Pd-‘(_j/ o _(
O bMe IPh O__.pd ’\b 0 \L \ \(_//
d iPr INT3 o
G & |NT1
INT2'
e T (M06/SDD-6-311+G(d,p)/SMD)

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866. 24
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0 Ph 9
HO )O]\ ‘ 0
Br
N + N" (cat) -
R H —_—— R
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Olefin-to-Olefin Transfer of Bromonium?)

NaOAc (2.0 eq.)
(OTS n-Pr/\/n-Pr(X eq.) Br Br

n-Pr n-Pr\)\ )\/n-Pr
n-Pr)\/ el . n-Pr + n-Pr

Br OAc B ent-B QAc

l * NaOAc f NaOAc T
Br@ @Br

5 n-Pr — n-Pr |- ~| __n-Pr
n-Pr” e — \l>\n-Pr n-Pr/<l/

®Br bromonium f T
. _n-Pr
n-Pr/\/ /\/ n-Pr /\/ n-Pr
n-Pr= - =3 n-Pr= - =3
olefin-bromonium can activate y @ Br, + Br®
other olefins. olefin-to-olefin n-Pr\l>\n-Pr n-Pr/<l/n-Pr
transfer
entry n-Pr/\/ n-Pr B entB
1 0 eq. 100: 0
2 1.0 eq. 64 : 36

1) Denmark, S.; Burk, M. T.; Hoover, A. J. Chem. Commun. 2013, 49, 7985.
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Olefin-Catalysts for Bromolactonization?)

(o)
P
o] H (1.2eq.) 0]
catalsyts (10 mol%)
HO CH,CI,, -30°C, 6 h o)
N o R
Ph” Ph*
Br
catalysts Ph
Me Ph
without — —
catalysts
1% 2% 4% 88% (99%7) ? Reaction time is 12 h.
Ph
Ph Ph

% /
SO

7 (EIZ = ca. 312)

R =H:59% 1% 2%
R =Ph: 4%

1) Matsubara, S. et al. Angew. Chem. Int. Ed. 2018, 57, 13863. 27



Substarate Scope?l)

0 )j\ 0 catalyst A
N Ph
HO H (1.2eq.) 0]
N catalsyt A (10 mol%) R
R CH,CI,, -30°C, 12 h R
y Br
o o o)
0]
o o o o
A\ at W Me
1\ 1\ Me* +
Br Br 6-endo g, 5-exo
MeO F3C
with A; 99% with A; 99% with A; 27% +
w/o A; 4% w/o A; <1% wioA; <1% +
Table.
from o O o entry catalysts 6-endo 5-exo
HO o o 1 A 26% 71%
Ph , Ph 2 Et;N <1% 89%
D Ph 3 Ph,P 15% 69%
(2) 6-endo 5-exo
Br Br 4 w/o catalysts <1% 2%
See Table.

1) Matsubara, S. et al. Angew. Chem. Int. Ed. 2018, 57, 13863.
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Effects of Catalyst Loadings?')

O o
)]\ Br catalysts
N/

HO H (1.2eq.) o) Ph

A\ catalsyts (0~120 mol%) o
R CH,CI,, -30°C, 6 h R A

y e Br

20 B

0 ® =)
0 20 40 60 80 100 120

catalyst loading (mol %)

1) Matsubara, S. et al. Angew. Chem. Int. Ed. 2018, 57, 13863.



Proposed Reaction Mechanism?1)

Ph

N strained olefin H

Br

Ph
Ph
Sapmnnnaer _od
R S
Ph Ph
(0]
HO "delaying pathway"”
olefin-to olefin

transfer N
IR

1) Matsubara, S. et al. Angew. Chem. Int. Ed. 2018, 57, 13863. 30



Summary

1997~
start

immatured

-> "blue ocean?"

Ph

trans-olefin catalysts
(2018 ~)

now matured
-> "red ocean”

norbornes catalysts
(1997 ~)

Catellani
R#H
( ) (cat.) ONEWG
R alkyl
/alkyl
Dong
a lot of 7 | H
/2004~ N
electrophile|Br X I N
. expansion ofc. EWG _
nucleophile
expansion a lot of
2005~ efc. H

Matsubara

SM expansion

(cat.)

Dong
(R=H)Br

practical
improvement
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Appendix



Optimization for Reaction Conditions?)

E o

Ve Me o  [Rh(Xantphos)(X)] M 2a :
LA e " Or ™
N ' '

Me H  THF or dioxane Me Me : :
-90 ° )\/\/l\ 3a 6 :

1a 22-90°C Me X Me a :_____-_a ..... '

counterions (yield, 2a:3a): 10% catalyst, 1.2 equiv nbd, dioxane, 90 °C, 1h

@ \ /
e o o o 83
F
4d

4a 4b 4c
0% 0% 6%, 85:15 27%, 98:2 27%, 98.2 99%, >99.1

-

acceptors (yield, 2a:3a): X = 3-OMeBzO", 1.2-3 equiv acceptor, THF, 22-80 °C

0o Q@ O

5a, nbd 5a, nbd 5b, nbe 5S¢, bnbd
88%, >99:1 99%, >99:1 97%, 99:1 99%, 99:1
0.3% [Rh], 80 °C 1% [Rh], 60 °C 2% [Rh], 40 °C 2% [Rh], 22 °C

1) Murphy, S. K.; Park, J.-W.; Cruz, F. A.; Dong, V. M. Science 2015, 347, 56.
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Mechanistic Studies?)

/\»L.

5% [Rh(cod)OMe],»
10% Xantphos, 3-OMeBzOH D

THF, 22°C, 24h

d-1q 2q (72%) d-6¢ (91%)
93% D
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/\)]\ + > Ph/\‘ +
Ph H 1 equiv CD;0D
19 5¢ THF, 220C, 24h 2q (8670) h/d-6¢ (960/0)
41%D
B 3-(:)[\/'982()e O 8 + 3-OMeBzOH
[Rh(cod)OMel, AN C -OMeBz
p, \O p,, “\ i) Ph H P, |
Xantphos ( —_— ( - ( " Rh-PPhy
3'%'\/‘5?15_21?” ii) PPh, ) F P
8a 8a' 9 (83%) 2q (70%)

1) Murphy, S. K.; Park, J.-W.; Cruz, F. A.; Dong, V. M. Science 2015, 347, 56.
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Possible Reaction Pathways?)

Scheme 2. Possible Modes for Formyl Activation

O co
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@ Exchange
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1) Chen, C. and Lan, Y. J. Org. Chem. 2016, 81, 2320.
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DFT Calculation (1)1

0 H
S._-H
Y AGwt1umHr P CI: P, ?’\\ H
Y L SN % b O [ {
M11-L/gas phase. ,Flih/\/ pr (e} RN !
(keal/mol) P" o O H T \
2 ] .
>\/H s o}-ph O}—Ph ’
(P'/'.,Rh,_f:\/ 15 @
0 (53.8)
J—Ph
(0]

14-ts

9-ts 1 12-ts

|~— C-H activation -I‘ Deprotonation —-l et

1) Chen, C. and Lan, Y. J. Org. Chem. 2016, 81, 2320.
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DFT Calculation (2)"

2
J
AGM11.UTHE P, ¥
(AGM1 1-Ugas phase) <P v th ~H
(kcal/mol)

+
P"':.Rh—"lk/\ P, .u“C///o
P/ o p/Rh\/\

20-ts 21 22-ts 23 24 20-ts 22-ts
l«——Protonation——»}«— Reductive elimination —-l
l«—— f3-H elimination ——»]

Decarbonylation —

1) Chen, C. and Lan, Y. J. Org. Chem. 2016, 81, 2320.
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DFT

CO insertion

Calculation (3)1

0 0
AGM11-UTHE H ¥ ¢ b fo
(AGwi11-Ligas phase) (1] H"i® "R CF‘I /i)
Rh Pa, | Rh—H Rh
(kcallmol) <p' \j@ ( “RH <p’_1._ "i
i PTG
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e \@ 425 42.9
& 49.8 530
0o 3415 40-ts
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H
P, | 302
P,R"h"- (40.5
22.8 245 36ts
o (27.3) 33.9
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29 16.9 (27.9) (30.1)
145 37 201 (250) : 44-ts
@ 181 P (@9.3) 321s 42-ts 1.0 o
) _ - PhCO,H - .
29 (24.5) 16.1 ng 16.5 49 s
» 3 6.0 (19.8) (21.3) 5 @\)AH
14.7 82 1.0 H
24 A 6.0 5 @
33 o, 69
H-... ¥ _0 ,P ¥ 0*@ + OT/@ C = \(-95)
P, | ‘ Pa,, .dc C (P’” Rh---—-H (PJ“" _ Pu, Rh H
’_th. P(Rh Pn Rh ‘,‘ PJ,,,_Rh P’ i | P’R|h H Pf 7
P~ - 0=..0 o
C @ @ P Y \—ph }—F’h
"
0 0 Ph o}
30-ts 31 324s 33 424s 43 44-ts

<—— Olefin insertion —=f——— Protonation —'I-Reduclive eliminational

Olefin insertion ———»
Rh-H insertion into Rh-CO

61
ﬁmﬁgw "’-‘S E?MEE

30-ts 324s

~—— CO insertion —*]

. Olefin insertion —-l
(1
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7
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1) Chen, C. and Lan, Y. J. Org. Chem. 2016,

81, 2320.
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Counter Anion Effect?)

P T)Ue [
e T M|,
P | ¢} P” 1\
X 00O
o b
i Ph

O
P’n,,
prr S
[o]
OH Ph
\ \G45 1s= 28. 4(25.71) kcal/mo
¥
P Pl/ P O o
l,'“ n,, PI/,"
oyl o U i e O S
PhCOOH " 34 O PhCOOH OYO X
L Ph
, AAGjp4s= 17.5(15.3) keal/mol
S>NH .

5( 21.4) kcal/mol

YA Q) —_—
(24.8) kcal/mol

1) Chen, C. and Lan, Y. J.

Org. Chem. 2016, 81, 2320.
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Cyclopropene System?)

A
AGp11-UTHF

(AGM1 1-L/gas phase)

(kcal/mol)

1) Chen, C. and Lan, Y. J. Org. Chem. 2016, 81, 2320.
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Kinetic Effect?)

[Pd(allyl)Cl], (5 mol%)
RuPhos (10 mol%)

N‘CSQCOQ
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1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866.
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DFT Calculation?)

alternative route for C-H metallation (favored by energy)

di=product

L = SPhos
E = CO,Me
= CHgCHzCH;;

BzOH

INT2'

(M06/SDD-6-311+G(d,p)/SMD)

1) Wang, J.; Li, R.; Dong, Z.; Liu, P.; Dong, G. Nat. Chem. 2018, 10, 866.
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Preparation of Catalysts?)

1)
Bng/\/Ph

THF,0°Ctort,6h

%

1

2) conc. H»,S0O,
neat, 100 °C, 10 h

57% for 2 steps

m-CPBA

-

CH20|2_ rt, 30 min
89%

3a

Ph

«OH NaH

2 DMF ,35h

Ph, 64%

4a

2a

Ph 1) Ph,PH, n-Buli

THF, rt, 5d

2)AGOH, H202
h,0.5h

64% for 2 steps

Ph

5a
1.3¢g
(overall 21%)

Scheme 1. Synthesis of trans-cyclooctene 5a.

('l.ll
[ ]

Ph Cl
(1.0 equiv)

CH,Cly, 1t, 13 d

Figure 2. Synthesis and ORTEP drawing of platinum complex 6 a.

1) Matsubara, S. et al. Angew. Chem. Int. Ed. 2018, 57, 13863.
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OH
Ay

10 mol % 3
NBS, CH,Cl,

0

O Br
!

1a-b 0] 25 OC, 30 min 2a-bR
entry catalyst acid R yield® (%)

1 3a 1a H 84
2 3a 1b Ph 91
3 3b 1b Ph 92
4b 3b 1b Ph 95
5b¢  3p 1b Ph 84
6 3c 1a H 18
7 3d 1a H 73

Yeung Bromolactonization?)

R’ Ph\NJ\O\\wQ
3aR'=H X=8 | _

3cR'=H x=0 H iPr
' 3dR'=Me X=5 3b
_____________________ o
S--Br--- N;> A
F

“Tsolated yield. ” Reactions were conducted at —78 °C for 5 h. “ 10

mol % of Et;N was added.

N N—C:H
O S = ’O
! D,
—_— _
O>=s O>=s‘ :
MeO N R MeO N ")
© ~H. \N 0 SH. 8 N
o= X o= Y
OMe OMe
B c

Figure 1. Proposed mechanism of the bromolactonization.

1) Yeung, Y. Y. etal. . Am. Chem. Soc. 2010, 132, 15474.
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Olefin-to-olefin Transfer of Bisadamantylolefin?)
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1) Brown, R. S, etal. J. Am. Chem. Soc. 1994, 116, 2448. 44



Olefin-to-olefin Transfer for Annelation?)

OTf
X* (CHz)n CH,OH (CH)n
/N . N ‘o=
H — | o °=0
Ad—Ad + Y_H -« 12— | C)/H
1-Br* ; 1-I* R
’ 2aR=H,n=2 3 4an =1
N bR=H,n=3 bn=2
cR=H,n=4
|\ dR=CHs n=3
Ad=Ad + X— Y +HOTf
A RO kg  Ad
>X+ + I ez A
d Ad ko
1-x* ol
X*=Br. | complex & 7
R=H, (CH,),OH )
3
ko' [ROH]
(CHz)mCOH ks [ROH]
P + Ad=Ad P

1) Neverov, A. A.; Brown, R. S. J. Org. Chem. 1996, 61, 962.



